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© A 1 ,3,2-dioxathiolane oxide derivative of general formula (I) wherein x represents -S(O)- or -S(0)2-; R 1 
represents hydrogen, alkali metal atom, benzyl or lower alky!; R 2 represents lower alkyl which may be 
substituted by methylthio, or benzyl; and R 3 and R* may be the same or different from each other and each 
represents hydrogen, Ci to C10 alkyl, guanidyl-substituted lower alkyl, C3 to Cg cycloalkyl, phenyl, benzyl or 
phenoethyl, or R 3 and R* are combined together to represent alkylene. 



H-X Z-CO-HHCHCO-M 

R'OOC h r« 



A 1 



to 



Rank Xerox (UK) Business Services 



0460239A1 _!__> 



EP 0 460 239 A1 



10 



25 



30 



40 



45 



50 



[Tochnical Hold] 

Tho presont invontion rolatos to a novol 1 ,3,2-dioxathiolano oxido dorlvativo and its intormodiato 
compound. Moro particularly, tho prosont invontion rolatos to n novol 1 ,3,2-dioxathiolano oxido dorivativo 
having good inhibitory activity against thiol proteases such as calclum-dopondont noutral protease (CANP) 
and cathepsins B, H, and L, and also relates to a 1 ,3-dloxolano dorivatlve and a 1 ,2-diol derivative usoful to 
prepare the 1 ,3,2-dioxathiolane derivative. 

[Background Art] 



Proteolytic enzymes represented by CANP and including, e.g., cathepsin B, papain, ficin, bromelin, and 
bromelan are generally called thiol proteases because they have a thiol group at an active center. On the 
other hand, it is known that substances having CANP inhibition activity not only specifically affect the thiol 
group of the CANP to inhibit its activity but also have an inhibitory effect on other thiol proteases. 
75 Therefore, substances capable of inhibiting the thiol proteases such as CANP and cathepsin B are 

expected to use in the cure, mitigation, treatment, or prevention of diseases to which these proteases are 
related, e.g., myotonic dystrophy, inflammation, renal hypertension, cataract, myocardial infarct, a virus 
infectious disease, a malignant tumor, osteoporosis, and an allergic disease. 

Conventionally known examples of a compound having thiol protease inhibition activity are E-64 as a 
20 mold metabolite, a series of epoxy succinic acid derivatives such as E-64-c as derivatives of E-64, and 
aldehyde derivatives of leupeptin and antlpine belonging to a secondary metabolite of an actinomycete. 

E-64 is an epoxysuccinic acid derivative obtained from a bran solid culture of an Aspergillus japonicus 
TPH-64 strain and represented by the following formula (e.g., Published Unexamined Japanese Patent 
Application No. 52-23021 and Published Examined Japanese Patent Application No. 64-5031): 



■A 



E(CH 3 )2 
2 *H 
CO-NH(CH2 ) 4NHCNH; 



HOOC 



Both of E-64-c and loxlstatin as its ethylester are derivatives of the above E-64 and represented by the 
35 following formula (e.g., Published Unexamined Japanese Patent Application No. 55-115878): 

[<CH 3 ) 2 

A ij 2 

H. / \ ^CO-NHCHCO-NH(CH2)2CH(CH3)2 

r — X 

ROOC H 

R=H ; E-64-C 
R=C2Hs ; loxistatin 

The above two compounds, especially, loxistatin has attracted attention due to its effect as a proteolytic 
enzyme inhibitor and therefore is currentfy being studied to realize a practical use as a treating agent 
against muscular dystrophy and the like. 

[Disclosure of Invention] 



It is an object of the present invention to provide a novel compound effective in the cure, mitigation, 
treatment, or prevention of diseases as described above. The present inventors have made extensive 
55 studies to achieve this object and found that a novel 1 ,3,2-dioxathiolane oxide derivative has high specific 
inhibitory activity against a thiol protease, and established the present invention. 

Novel 1,3,2-dioxathiolane oxide derivative according to the present invention is represented by the 
following formula [I]: 



2 



cnnnin ^cd 
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35 



2 

3 /X\ 1 



RlOOC H 



CO-NHCHCO-N<^ r4 [ I ] 



wherein 

• X means -S(O)- or -S(0) 2 -. 

10 • R 1 means a hydrogen atom, an alkali metal atom, a benzyl group, or a lower aikyl group. 

• R 2 means a lower alkyl group which may be substituted with a methylthio group, or a benzyl group. 

• R 3 and R 4 may be the same or different and independently mean a hydrogen atom, an alkyl group 
having one to ten carbon atoms, a lower alkyl group substituted with a guanidyl group, a cycloalkyl 
group having 3 to 6 carbon atoms, a phenyl group, a benzyl group, or a phenethyl group, or together 

75 mean an alkylene group. 

The lower alkyl group represented by R 1 and R 2 means a straight-chain or branched alkyl group having 
one to five, and preferably, one to four carbon atoms. Examples of this alkyl group are a methyl group, an 
ethyl group, a propyl group, an isopropyl group, a butyl group, a sec-butyl group, and a tert-butyl group etc. 
The alkyl group represented by R 3 and R 4 means a straight-chain or branched alkyl group having one 

20 to ten carbon atoms. Examples of this alkyl group are a methyl group, an ethyl group, a propyl group, an 
isopropyl group, a butyl group, a sec-butyl group, a tert-butyl group, a pentyl group, an isopentyl group, a 
hexyl group, an isohexyl group, a heptyl group, an isoheptyl group, an octyl group, an isooctyl group, a 
nonyl group, an isonony! group, a decyl group, and an isodecyl group. The alkylene group means a divalent 
group derived from a saturated straight-chain aliphatic hydrocarbon having two to five carbon atoms. 

25 Another object of the present invention to provide an intermediate compound useful to prepare the 
above 1 ,3,2-dioxathiolane oxide derivative [I]. This object is achieved by a 1,2-diol derivative [II] and a 1,3- 
dioxolane derivative [III] represented by the following formulas: 

HO OH * R 3 

30 H^j ^CO-NHCHCO-N<^ r4 [II] 

RlOOC H R 2 
wherein R\ R 2 , R 3 , and R 4 have the same meanings as defined in the above formula [I]. 

R 5 .R 6 

40 H* ^ L J 




) CO-NHCTCO-X * 4 



RlOOC H 

wherein 

45 • R 1 , R 2 , R 3 , and R 4 have the same meanings as defined in the above formula [I]. 

• R 5 and R s may be the same or different and independently mean a hydrogen atom, a lower alkyl 
group, a substituted or nonsubstituted phenyl group, a lower alkoxy group, or a lower alkylamino 
group. 

In comparison with the conventional epoxy succinic acid derivatives described above, the most 
so important characteristic of the novel 1 ,3,2-dioxathiolane oxide derivative [I] according to the present 
invention lies in the fact that a heterocyclic moiety of the" derivative is not a substituted epoxy ring but a 
substituted 1 ,3,2-dioxathiolane oxide ring. On the basis of this characteristic, the novel compound [I] of the 
present invention achieves a thiol protease inhibitory effect better than those obtained by conventionally 
known substances having similar inhibition activity. 
55 Methods of preparing the 1 ,3,2-dioxathiolane oxide derivative [I] of the present invention will be 
described below. However, the methods to be described below are merely examples. Therefore, the 
compound [I] can be prepared by methods other than these exemplified methods. The following methods 
include methods of preparing the intermediate compounds [II] and [III] of the present invention. As is the 
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caso with tho abovo compound, thoso intormodiato compounds can bo propnrod by mothods olhor than the 
oxomplifind mothods. 

Proparifig method 1 

ft 

Preparation of 1 ,3-dioxolano dorivative [III] 
(Method A) 

w An amino acid derivative represented by the following formula [IV] or its reactive derivative 

R7NH-?H-COOH [IV] 

l2 



75 



20 



(wherein R' represents a protective group of an amino group such as a tert-butoxycarbonyl group and 
R 2 has the same meaning as defined above) 

and an amine derivative represented by the following formula [V] or its salt are condensed, 



(wherein R 3 and R 4 have the same meanings as defined above) 
25 thereby obtaining a compound represented by the following formula [VI]: 

R 7 NH-CH-CO-N< _ [VI] 

42 R4 



30 



35 



40 



(wherein R 2 , R 3 R 4 , and R 7 have the same meanings as defined above.) 

Subsequently, the protective group R 7 of the compound [VI] was removed in accordance with a 
conventional method to obtain an amide derivative represented by the following formula [VII]: 

N2N-CH-CO-N< r4 [VII] 

(wherein R 2 , R 3 , and R 4 have the same meanings as defined above.) 

Thereafter, this amide derivative [VII] or its reactive derivative and a tartarate monoester derivative 
synthesized in accordance with a method by A. Tanaka et al. [Agric. Biol. Chem., 48, 2135 (1984)] and 
represented by the following formula [VHI] or its reactive derivative are condensed] 



45 



50 H -^ ( - COOH 1 

RlQOC 

(wherein R 1 , R 5 , and R 5 have the same meanings as defined above) 
55 thereby obtaining a 1 ,3-dioxoiane derivative represented by the following formula [III]: 
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15 



25 



30 



35 



5 R 6 

- nn-MWPPnn-Kr/ 



RlOOC h 



/R 3 [HI] 
CO-NHCHCO-NC 



(wherein R 1 , R 2 , R 3 , R*, R s , and R 6 have the same meanings as defined above.) 
(Method B) 

A tartarate monoester derivative represented by the above formula [VIII] or its reactive derivative and an 
amine derivative represented by the following formula [IX] or its salt are condensed, 

H 2 N-CH-COOH [IX] 
R2 

20 (wherein R 2 has the same meaning as defined above) thereby obtaining an amidocarboxylic acid 
derivative represented by the following formula [X] or its reactive derivative: 

R5 ,r6 

° [X] 
H— ) ( — CO-NHCHCOOH 




RlQOC H R2 



(wherein R\ R 2 , R 5 , and R 6 have the same meanings as defined above.) 
Subsequently, the amidocarboxylic acid derivative [X] or its reactive derivative and an amine derivative 
represented by the above formula [V] or its salt are condensed, thereby obtaining a 1 ,3-dioxolane derivative 
represented by the formula [III]. 



Preparing method 2 
Preparation of 1 ,2-diol derivative [II] 
40 (Method C) 

A 1,2-diol derivative represented by the following formula [II] 

HO OH ,R3 
45 K^j ^CO-NHCHCO-N<^ r4 [ II ] 



RlQOC H R2 



(wherein R\ R 2 , R 3 , and R* have the same meanings as defined above) 
so is obtained by subjecting a 1,3-dioxolan derivative represented by the following formula [III] to a reduction 
process such as catalytic reduction or performing an acid treatment for the derivative: 



55 



5 
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R5 r6 



co-hhchco- h ^ r3 l" 1 J 



RlOOC II &2 

(wheroin R 1 , R 2 , R 3 , R 4 , R 5 . and R 6 have the same meanings as defined above.) 

10 

Preparing method 3 

Preparation of 1 ,3,2-dioxathlolane oxide derivative [I] 
15 (Method D) 

Of 1,3,2-dioxathiolane oxide derivatives represented by the formula [I], 

-X- 



20 



RiQOC H R2 



CO-NHCHCO-N< r4 [I] 



R3 



25 (wherein R\ R 2 . R 3 , R 4 , and X have the same meanings as defined above) 

a 1 ,3,2-dioxathiolane-2-oxide derivative in which X is -S(O)- can be manufactured as follows. 

That is, by applying a method by K.B. Sharpless et al. [J. Am. Chem. Soc. 110, 7538 (1988)] for a 1,2- 
diol derivative represented by the formula [II], ~ 



30 HO OH p3 

HJ___L, CO-NHCHCO-N^ 



\r4 C 11 ! 

RlOOC H R2 



35 (wherein R 1 , R 2 . R 3 , and R 4 have the same meanings as defined above) 

a 1,3,2-dioxathiolane-2-oxide derivative represented by the following formula [XI] can be obtained: 



40 ^ 



CO-NHCHCO-N< " [ XI ] 

RiOOC H ^2 

45 

(wherein R 1 , R 2 , R 3 , and R 4 have the same meanings as defined above.) 

In addition, by oxidizing this 1 ,3,2-dioxathiolane 2-oxide derivative [XI], the compound [I] in which X is 
-S(0) 2 -, i.e., a 1,3,2-dioxathiolane-2,2-dioxide derivative represented by the following formula [XII] can be 
obtained: 

50 

V 

° ° R3 

5S H ^— CO-NHCHCO-N<^ * 4 [ XII ] 

RlOOC H R2 R 



R3 



6 
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(wherein R 1 , R 2 , R 3 , and R* have the same meanings as defined above.) 

Note that the compound [II] may be prepared in accordance with the following method. 

First, tartaric anhydride is produced from tartaric acid in accordance with a method by M.J. Miller et al. f 
(J. Org. Chem. , 47, 4928 (1982)], and R 1 OH (wherein R 1 has the same meaning as defined above) is 
reacted with the tartaric anhydride without isolating the anhydride, thereby obtaining tartrate monoester 
represented by the following formula [XIII]: 



(wherein R 1 has the same meaning as defined above.) 

Subsequently, the monoester [XIII] or its reactive derivative and the above compound [VII] or its salt are 
condensed to obtain a 1,2-diol derivative represented by the formula [II]. 

In the above preparing methods, the starting compounds [V], [VII], and [IX] may be used either in a free 
state or in the form of a salt. A preferable example of the salt is an acid salt. Examples of the acid salt are 
an acid salt with an inorganic acid such as hydrochloric acid, sulfuric acid, phosphoric acid, or hydrobromic 
acid, and an acid salt with an organic acid such as trifluoroacetic acid, p-toluenesulfonic acid, tartaric acid, 
maleic acid, fumaric acid, or succinic acid. 

As reactive derivatives of the compounds [IV], [VIII], and [X], active esters (e.g., N-hydroxysuccinimido 
ester, pentachlorophenyl ester, N-hydroxybenzotriazole ester) corresponding to the respective compounds, 
an acid halide (e.g., acid chloride), acid azide, a mixed acid anhydride, and imidazole amide and the like 
can be used. The active ester may be isolated and subjected to the condensation reaction or subjected to 
the condensation reaction in situ without being isolated. 

As the protective group (R 7 ) in the compounds [IV] and [VI], any protective group normally used in 
peptide synthesis can be used. Preferable examples of the protective group are a tert-butoxycarbonyl 
group, a benzyloxycarbonyl group, a benzyl group, a tosyl group, a 2,4-dinitrophenyl group and the like. 

Reaction conditions and the like of the respective reactions used in the above preparing methods will be 
described in detail below. 

(Preparing method 1: Methods A & B) 

The condensation reaction between the compound [IV] or its reactive derivative and the compound [V] 
or its salt; the condensation reaction between the compound [VII] or its salt and the compound [VIII] or its 
reactive derivative; the condensation reaction between the compound [IX] or its salt and the compound [VIII] 
or its reactive derivative; and the condensation reaction between the compound [X] or its reactive derivative 
and the compound [V] or its salt can be performed in accordance with a known peptide reaction in the 
presence of a condensation agent. 

Preferable examples of the condensation agent are dicyclohexylcarbodiimide, 1-ethyl-3-(3- 
dimethylaminopropyl)carbodiimide hydrochloride, phosphorus oxychloride, phosphorus trichloride, thionyi 
chloride, oxalyl chloride, triphenylphosphine, and a Vilsmeyer's reagent. 

The condensation reaction is preferably performed at a temperature of -50 °C to 50 *C by preferably 
selecting dimethylformamide, methylene chloride, dioxane. tetrahydrofuran, acetonitrile, ethyl acetate, pyr- 
idine, acetone, and water as a reaction solvent. 

In order to perform the condensation reaction by using salts of the compounds [V], [VII], and [IX], the 
condensation reaction is performed in the presence of a deoxidizer. Examples of the deoxidizer are 
trialkylamine (e.g., triethylamine and trimethylamine), N,N-dialkylaniline (e.g., N,N-dimethylaniline and N,N- 
diethylaniline). pyridine, N-alkylmorpholine (e.g., N-methy!morpholine), an alkali metal hydroxide (e.g., 
potassium hydroxide and sodium hydroxide), an alkali metal carbonate (e.g., potassium carbonate), and an 
alkali metal hydrogen carbonate (e.g., sodium hydrogen carbonate). 

Removal of the protective group (R 7 ) of the compound [VI] can be easily performed by a conventional 
method depending on the type of a protective group. For example, catalytic reduction, electrolytic reduction, 
an acid treatment, an oxidation reaction, or the like may be used. 

(Preparing method 2: Method C) 

The reaction of removing cyclic acetal of the compound [III] to produce the compound [II] can be 



HO 



OH 




[XIII] 
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porforrnod by using conditions normally usod to romovo acotal. For oxamplo, tho roaotion can bo porfoi mod 
by moans of catalytic roduction or using an inorganic acid such as sulfuric acid and hydrochloric acid, an 
organic acid such as acotic acid and tosyl acid, or a I owls acid such as boron trichloride. 



(Preparing mothod 3: Mothod D) 



Tho oxidation roaction from tho compound [XI] to tho compound [XII] can bo porforrnod by using a 
method normally used to porform oxidation from a sulfoxide to a sulfone. For example, a permanganate, a 
chromate, a peroxide, and a ruthenium trichloride-periodate can be used. 

A compound ropresentod by formula [I] in which R 1 is a hydrogen atom, i.e., a compound represented 
by the following formula [XIV] can be easily obtained from a corresponding ester compound [I J: 



CO-NH^HC0-N\ r4 [XIV] 



HOOC H 



As a method for this purpose, a method normally performed to convert an ester into a corresponding 
carboxylic acid, e.g., acid hydrolysis, alkali hydrolysis, or catalytic reduction can be used. A compound 
represented by formula [XIV] obtained in this manner can be converted into a salt of an alkali metal such as 
Na or K by a conventional method. 

In the above reactions, each of the starting compounds [IV] to [X], the intermediate products [II] and 
[III], and the target compound [I] have one to four asymmetric carbon atoms. In addition, each of the above 
reactions can be performed without causing racemization. Therefore, when the starting compounds (IV] to 
[X] are optically active, their intermediate products and the target compound can also be obtained as 
optically active compounds. However, the above preparing methods can be performed not using optically 
active compounds [IV] to [X] but using racemic mixture thereof as starting materials. 

A target compound of the present invention represented by formula [I] and prepared by the above 
methods can form pharmacologically acceptable salts. Examples of the salts are an acid salt with an 
inorganic acid such as hydrochloric acid, sulfuric acid, phosphoric acid, and hydrobromic acid, and an acid 
salt with an organic acid such as tartaric acid, maleic acid, fumaric acid, succinic acid, and sulfonic acid. 

When the 1,3,2-dioxathiolane oxide derivative [I] according to the present invention or its salt is to be 
used as a medical preparation, the derivative or its salt can be administered to a patient by using a proper 
administrable form containing the derivative or its salt as an active component and using a proper 
administration method of either oral or parenteral route. Examples of an orally administrable form are a 
tablet, a capsule, a granule, a powder, and a liquid preparation. Examples of a parenteral administrable form 
are an injection preparation, a suppository, an ointment, and a liquid preparation. To obtain these various 
types of preparations, an excipient, a stabilizer, a preservative agent, a buffer agent, and other additives can 
be arbitrarily, selectively used in accordance with conventional methods in this field of art. A dose of the 
preparation is adjustable in accordance with the age, sex, weight, and degree of symptom of a patient and 
an administration method. Normally, a dose of the compound of the present invention is set from 10 mg to 
1 g/day for an adult per day, but it is not limited to this value. 

Test examples performed for the novel compound of the present invention to check the inhibitory effect 
against thiol proteases will be described below. 

(Test example I) 

(1) CANP inhibition activity in in vitro system 

A solution mixture consisting of the following components was prepared. 

• A 167-mM Tris hydrochloric acid buffer solution (pH = 7.4) (containing 15-mM mercaptoethanol); 40 
Ul 

• A solution obtained by dissolving the compound [I] of the present invention in the same Tris 
hydrochloric acid buffer solution as described above; 40 ul 

• Purified calpain [obtained by a method described in J. Biol. Chem., 239, 149 (1964)] sampled from a 
rat brain and dissolved in a 50-mM sodium acetic acid buffer solution (pH = 6.0; containing 1-mM 
EDTA and 5-mM mercaptoethanol) 11 units/m£; 200 ul 
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• An N,N-dimethylcasein solution (pH = 7.0) (25 mg/mi); 80 a I 

40 ill of a 167-mM Tris hydrochloric acid buffer solution (pH = 7.4) containing 50-mM CaCt 2 were 
added to the above solution mixture, and the resultant solution was incubated at 30* C for 20 minutes. After 
the incubation, 320 ul of 10% (W/V) trichloroacetic acid were added to stop the reaction, and the resultant 
5 solution was left to stand in an ice bath for one hour. Thereafter, the solution was subjected to centrifugal 
separation (16,100 x g, five minutes), and 600 nl of the supernatant were sampled to measure absorbance 
(ai ) at 280 nm. 

In another step, absorbance (a 2 ) was obtained by performing an experiment and measurement following 
the same procedures as described above except that a 167-mM Tris hydrochloric acid buffer solution (pH 

io = 7.4; containing 15-mM mercaptoethanol) was used in place of the 167-mM Tris hydrochloric acid buffer 
solution containing the compound of the present invention. In addition, absorbance (a3) was obtained by 
performing an experiment and measurement following the same procedures as described above except that 
a 167-mM Tris hydrochloric acid buffer solution (pH = 7.4; containing 1-mM EDTA) was used in place of 
the 167-mM tris buffer solution (pH = 7.4) containing 50-mM CaC*2. 

75 An inhibition ratio was calculated from the above absorbance values (ai), (a2), and (a3> in accordance 
with the following equation: 

Inhibition ratio (%) - [1 - — — 1 * 100 

20 AD 

In addition, a concentration (IC50) required for 50% inhibition was calculated by using a semilogarith- 
mical graph. The results are summarized in Table 1 below. 

25 Table 1 



Example No. of compound 


50% inhibition 
concentration IC50 (UM) 


Example 4 


15 


Example 1 1 


6.0 


Example 12 


0.3 


E-64 


7.0 



(2) Cathepsin B inhibition activity in in-vitro system 

40 In this experiment, a 100-mM sodium phosphate buffer solution (pH = 6.0; containing 1.33-mM 
EDTA*Na 2 ) was used as all of buffer solutions for solution preparation. 

A solution mixture consisting of the following components was prepared. 

• The above buffer solution; 850 UX 

• A 20-uM solution obtained by dissolving the compound of the present invention in the above buffer 
45 solution; 50 lit 

• A solution obtained by dissolving cathepsin B (available from Sigma Co.) in the above buffer solution 
to have a concentration of 0.5 mg/ml; 50 ut 

50 ul of a 200-uM solution obtained by dissolving benzoyl-(phenylalanyl-alginyl)-4-methyl- 
coumarinamide in the above buffer solution were added to the above solution mixture, and the resultant 
50 solution was incubated at 30* C for 20 minutes. 

After the incubation, the reaction solution mixture was cooled in an ice bath to stop the reaction. After 
20 minutes elapsed, fluorescence intensity (bi) at an excitation wavelength of 370 nm and an emission 
wavelength of 440 nm was measured. At the same time, an experiment was performed using the above 
buffer solution in place of the solution of cathepsin B in the above system, and fluorescence intensity (b 2 ) 
55 was measured following the same procedures as described above. In addition, an experiment was 
performed using the above buffer solution in place of the buffer solution of the compound of the present 
invention, and fluorescence intensity (b3) was measured following the same procedures as described above. 

An inhibition ratio was calculated in accordance with the following equation: 
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Inhibition ratio (%) = [1 - ^ ^i] * ioo 

b3 - b2 J 

5 and a concentration (IOjo) roquirod for 50% inhibition was calculated by using a somilogarlthmical graph. 
The results aro summarbod In Table 2 below. 



Table 2 



Example No. of compound 


50% inhibition concentration ICt,o (UM) 


Example 4 


0.025 


Examplo 11 


0.009 


' Example 12 


0.0007 


Examplo 14 


0.015 


Example 16 


0.003 


E-64 


0.035 



(Test example II) 

25 The following test was performed to confirm that the compound of the present invention had no adverse 
effect on activity of a proteolytic enzyme such as trypsin, chymotrypsin, elastase, and leucine-aminopep- 
tidase. 

(1) Effect on trypsin 

30 ' — 

In this experiment, a 50-mM Tris hydrochloric acid buffer solution (pH = 8.0) was used as all of buffer 
solutions for solution preparation. 

A solution mixture consisting of the following components was prepared. 

• The above buffer solution; 850 u I 

35 • A 20-uM solution obtained by dissolving the compound of the present invention in the above buffer 
solution; 50 ill 

• A solution obtained by dissolving trypsin (available from Sigma Co.) in the above buffer solution to 
have a concentration of 0.5 mg/m I; 50 ut 

50 ul of a 200-uM solution obtained by dissolving 7-(proiyl-phenylalanyl-alginyl)-4-methyl- 
40 coumarinamide in the above buffer solution was added to the above solution mixture, and the resultant 
solution was incubated at 30* C for 20 minutes. 

After the incubation, the reaction solution mixture was poured in an ice bath to stop the reaction. After 
20 minutes elapsed, fluorescence intensity (ci) at an excitation wavelength of 370 nm and an emission 
wavelength of 440 nm was measured. At the same time, experiments were performed using the above 
45 buffer solution in place of the trypsin solution and in place of the buffer solution of the compound of the 
present invention in the above system, thereby measuring fluorescence intensities (C2) and (C3) following 
the same procedures as described above, respectively. 

When an inhibition ratio was calculated in accordance with the following equation, the inhibition ratio 
was 0%: 

50 

Inhibition ratio (%)=[!- ^ I x 100 



55 This result indicates that each compound of the present invention described in Table 2 does not inhibit 
trypsin under the above conditions. 

Similarly, when a test was performed to check inhibition activity of the compound of the present 
invention against chymotrypsin, elastase, and leucine-aminopeptidase, an inhibition ratio for each enzyme 
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was 0%. 

[Best Mode of Carrying Out the Invention] 

s The present invention will be described in more detail below by way of its references examples and 

working examples, but the present invention is not limited to these examples. For example, the following 
compounds also belong to the present invention. 

o Ethyl (4S l 5S)-5-[(S)-1-decylcarbamoyl-3-methylbutylcarbamoyl]-1,3,2-dioxathiolane-4-carboxyIate-2- 
oxide 

io o Ethyl (4S,5S)-5-[(S)-1-cyclopropy1carbamoyl-3-methylbutylcarbamoyl]-1 l 3,2-dioxathiolane-4- 
carboxy late-2,2-dioxide 

o Ethyl (4S,5S)-5-[(S)-1-cyclopentylcarbamoyl-3-methylbutylcarbamoyl]-1,3 l 2-dioxathiolane-4- 
carboxy late-2-oxide 

o Ethyl (4S,5S)-5-[(S)-1 -cyclopentylcarbamoyl-3-methylbutylcarbamoyl]-1 ,3,2-dioxathiolane-4- 

15 carboxylate-2,2-dioxide 

o Ethyl (4S,5S)-5-[(S)-1-(4-guanidobutylcarbamoyl)-3-methylbutylcarbamoyl]-1 ,3,2-dioxathiolane-4- 

carboxylate-2,2-dioxide 

o Ethyl (4S,5S)-5-[(S)-3-methyl-1 -(N,N-dimethy lcarbamoyl)butylcarbamoyi]-1 ,3,2-dioxathio1ane-4- 

carboxylate-2,2-dioxide 

20 o Ethyl (4S,5S)-5-[(S)-1 -(N,N-diisopropylcarbamoyl)-3-methylbutylcarbamoyl]-1 ,3 p 2-dioxathiolane-4- 

carboxylate-2-oxide 

o Ethyl (4S,5S)-5-[(S)-1-(N,N-diisopropylcarbamoyl)-3-methylbutylcarbamoyl]-1,3,2-dioxathiolane-4- 
carboxylate-2,2-dioxide 

o Ethyl (4S,5S)-5-[(S)-3-methyl-1 -(py rrolidine-1 -yl-carbonyl)butylcarbamoy l]-1 ,3,2-dioxathiolane-4- 

25 carboxylate-2,2-dioxide 

o Ethyl (4S,5S)-5-[(S)-2-methyl-1 -(3-methylbutylcarbamoyl)buty lcarbamoyl]-1 ,3,2-dioxathiolane-4- 

carboxyiate-2-oxide 

o Ethyl (4S,5S)-5-[(S)-2-methyi-1 -(3-methyibutylcarbamoy!)buty Icarbamoy l]-1 ,3,2-dioxathiolane-4- 

carboxylate-2,2-dioxide 

30 o Ethyl (4S,5S)-5-[(S)-1 -(3-methylbutylcarbamoyl)methylthiopropylcarbamoyl]-1 ,3,2-dioxathiolane-4- 
carboxylate-2 t 2-dioxide o (4S,5S)-5-[(S)-3-methyl-1-(3-methylbutylcarbamoyl)butylcarbamoyl]-1,3,2- 
dioxathiolane-4-carboxy-2-oxide 
o Potassium (4S,5S)-5-[(S)-3-methyl-1-(3-methylbutylcarbamoyl)butylcarbamoyl]-1 I 3,2-dioxathiolane-4- 
carboxylate-2,2-dioxide 

35 o Butyl (4S,5S)-5-[($)-3-methyl-1 -(3-methylbutylcarbamoy l)butylcarbamoyl]-1 ,3,2-dioxathiolane-4- 

carboxylate-2,2-di oxide 

Abbreviations used in the description of examples to be presented below represent the following 
meanings. 

NMR nuclear magnetic resonance spectrum ( 1 H-NMR) 
40 IR infrared absorption spectrum 

SIMS secondary ion mass analysis spectrum 

Boc tert-butoxycarbonyl group 

Bu l tert-butyl group 

Et ethyl group 

45 mp melting point 

Reference Example 1 

Boc-L-Ieucylisoamylamide 



50 



55 




s CH 3 
CONHCH2CH2CH^ 

CH3 
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ik>c-l -loucino-succinlmido ostor (7.00 g) and isoamylamino (1.00 (j) woro rnixod in 1 ,2-dimothoxyothano 
(70 ml) undor ico cooling, and tho rosultant rnixturo way stirred al room tomporaturo for throo hours. A 
propor amount of a 2.r>% aqueous sodium carbonato solution was addod to tho roaction solution, and 
extraction was porformod throo timos using othyl acotato. Tho organic luyor was washod with saturatod 
5 sodium chlorido solution and driod with magnosium sulfato, and tho solvont was distilled off undor a 
reduced prossure As a result, 6.40 g of a target compound were obtainod NMR data of the product was as 
follows. 

'H-NMR (CDC In) 

5 ppm: 0.89 - 0.95 (12 H, m. -CH 3 x 4), 
10 1.35 - 1.55 (9 H, m), 

1.55 - 1.80 (6 H, m), 
3.27 (2 H, q, J = 6.9 Hz, -CONHCH 2 -), 
4.03 (1 H, m, >CHCONH-), 
4.89 (1 H, br s, -NH-Boc). 
75 6.12 (1 H, br s, -CONHCHz-) 

Reference Example 2 

L-leucylisoamylamide * hydrobromide 

HBr -NH2CHCONHCH2CH2CHCC ^ 

CH3 

25 UK v. 

^CH 3 



20 



Boc-L-ieucylisoamylamide (6.20 g) obtained in Reference Example 1 was dissolved in acetic acid (20 
30 ml), and a 25% hydrobromic acid/acetic acid solution (50 ml) was added to the resultant solution under 
ice cooling. Thereafter, the solution mixture was stirred at room temperature for 30 minutes, and the 
reaction solution was subjected to distillation under a reduced pressure. The obtained yellow viscous oily 
substance was washed with petroleum ether and ether. As a resuft, 5.86 g of a target compound were 
obtained as a yellowish white powder. NMR data of the compound was as follows. 
35 1 H-NMR (CDCI3) 

6 ppm: 0.89 - 1.10 (12H, m, -CH 3 x 4), 

1.46 (2 H, q, J = 6.9 Hz, -NHCHzCHz-), 
1 .60 - 2.00 (4H, m), 
3.17 (1 H, br s, -NHCH2-), 
40 3.40 (1 H, br s, -NHCH2-), 

4.22 (1 H, br s, >CHCONH-), 
4.39 (1 H, br s, -CONHCH2-), 
8.01 (2 H, br s, -NH 2 )~~ 

45 Reference Example 3 

L-leucyldibutylamide 

/CH2CH2CH2CH3 
50 H 2 NCHCON\ 

~" r ^CH2CH 2 CH2CH 3 

12 nrr 

,/CH3 
X CH 3 



55 



Following the same procedures as in Reference Examples 1 and 2, L-leucyldibutylamide •hydrobromide 
obtained from Boc-L-leucine-succinimide ester (1 .50 g) and dibutylamine (553 mg) was treated by saturated 
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sodium bicarbonate aqueous solution to obtain 871 mg of a target compound. NMR data of the compound 
was as follows. 
1 H-NMR (CDCL 3 ) 

5 ppm: 0.88 - 1.06 (12 H, m, -CH 3 x 4), 
5 1.28- 1.93 (11 H, m), 

3.12 (2 H, m, >N-CH 2 -), 
3.29 (1 H, m, >N-CH 2 -), 
3.57 (2 H. m, >N-CH 2 -, >CHCON<) 



70 Reference Example 4 



L-leucylbenzylamide 



75 



H 2 NCHCONHCH 2 




CH3 



20 



Following the same procedures as in Reference Examples 1, 2, and 3, 917 mg of a target compound 
were obtained from Boc-L-leucine-succinimide ester (1.52 g) and bonzylamine (497 mg). NMR data of the 
compound was as follows. 
25 1 H-NMR (CDC* 3 ) 

S ppm: 0.84 - 1 .08 (6 H, m, -CH 3 x 2), 
1 .30 - 1 .83 (3 H, m), 

3.43 (1 H, dd, J = 2.9, 9.7 Hz, >CHCONH-), 

4.44 (2 H, d, J = 5.9 Hz, Ph-CH 2 -), 
30 7.30 (5 H, m, arom) ~~ 

Reference Example 5 

L-leucylpiperidylamide 

35 



40 




Following the same procedures as in Reference Examples 1 , 2, and 3, 386 mg of a target compound 
45 were obtained from Boc-L-leucine-succinimide ester (1.61 g) and piperidine (420 mg). NMR data of the 
compound was as follows. 
1 H-NMR (CDC 1 3) 

5 ppm: 0.86 - 1.02 (6 H. m, -CH 3 x 2), 
1.22- 1.92 (9 H, m), 
50 3.40 (2 H, m), 

3.57 (2 H, m), 
3.79 (1 H, m, >CHCON<) 

Reference Example 6 

55 

L-leucyldecylamide 
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H2NgHCONH(CH2 ) 9CH3 

ch 3 



Following the same procodures as in Reference Examples 1, 2, and 3, 1.17 g of a target compound 
were obtained from Boc-L-leucine-succinimide ester (1.53 g) and decylamine (731 mg). NMR data of the 
10 compound was as follows. 
'H-NMR (CDCI3) 

5 ppm: 0.81 - 1.05 (9 H, m, -CH 3 x 3), 
1.18 - 1.82 (19 H, m), 
3.22 (2 H, q, J = 7.0 Hz, -CONHCH 2 -), 
15 3.37 (1 H, dd, J = 3.6, 9.8 Hz, >CHCONH-) 



Reference Example 7 



L-leucylcyclohexylamide 

20 ~~ 



H 2 Ni 



25 




Following the same procedures as in Reference Examples 1 , 2 r and 3. 430 mg of a target compound 
30 were obtained from Boc-L-leucine-succinimide ester (1.06 g) and cyclohexylamine (320 mg). NMR data of 
the compound was as follows. 
1 H-NMR (CDCI3) 

6 ppm: 0.89 - 1.03 (6 H, m, -CH 3 x 2), 
1.08 - 1.95 (13 H, m), 
35 3.34 (1 H, m, -CONHCH<), 

3.74 (1 H, m, >CHCONH<), 
7.11 (1 H, br, s) 

Reference Example 8 

40 

L-phenylalanylisoamylamide 



45 



H2NCHCONHCH2CH2CH 
2 



/CH 3 
CH3 




50 



Following the same procedures as in Reference Examples 1, 2, and 3, 709 mg of a target compound 
were obtained from Boc-1-phenylalanine-succinimide ester (2.52 g) and isoamylamine (666 mg). NMR data 
of the compound was as follows. 
55 1 H-NMR (CDC 1 3) 

5 ppm: 0.82 - 1.01 (6 H, m, -CH 3 x 2), 
1 .31 - 1 .45 (2 H, m), 
1.51 - 1.67 (2 H, m) f 
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2.69 (1 H. dd, J = 9.3, 13.7 Hz), 
3.21 - 3.36 (3 H, m), 
3.59 (1 H, dd, J = 4.1, 9.3 Hz), 
7.16 - 7.39 (6 H, m, arom, -CONH-), 

5 

Reference Example 9 
L-norleucylisoamylamide 

70 / CH3 

H2NCHCONHCH2CH2CH\ 

CH2CH2CH2CH3 



75 

Following the same procedures as in Reference Examples 1 , 2, and 3, 874 mg of a target compound 
were obtained from Boc-L-norleucine-succinimide ester (2.62 g) and Isoamylamine (763 mg). NMR data of 
the compound was as follows. 
'H-NMR (CDCt 3 ) 
20 5 ppm: 0.76 - 1.03 (9 H, m, -CH 3 x 3), 
1.20 - 1.92 (9 H, m), 
3.18- 3.39 (3 H. m), 
7.22 (1 H, br s) 

25 Reference Example 10 

Monobenzyl D-tartrate ester 



30 



35 



HO OH 
< ^ CH2O2C CO2H 



A target compound was synthesized in accordance with a method by M.J. Miller et al. [J. Org. Chem., 
47,4928 (1982)]. 

Dicyclohexylcarbodiimide (4.94 g) was added under ice cooling to a solution prepared by dissolving D- 
tartaric acid (3.00 g) in anhydrous tetrahydrofuran (40 ml), and the resultant solution was stirred under ice 
40 cooling. Thereafter, the solution was stirred for five hours while the temperature was gradually raised to 
room temperature, and the produced dicyclohexyl urea was removed. Benzyl alcohol (4.12 mt) was added 
to the reaction filtrate, and the resultant solution was stirred at room temperature overnight. The reaction 
solution was condensed under a reduced pressure, ethyl acetate (50 ml) was added to dissolve the 
reaction product, and extraction was performed using a 10% sodium carbonate solution. The extracted 
45 aqueous solution was adjusted to about pH 2, and then was extracted again by ethyl acetate. The extracted 
organic layer was washed with saturated sodium chloride solution and dried with magnesium sulfate, and 
the solvent was distilled off under a reduced pressure to obtain a crude product. This crude product was 
recrystallized from chloroform to obtain 402 mg of a target compound. NMR data of the compound was as 
follows. 
50 'H-NMR (CDC1 3 ) 

5 ppm: 4.64 (2 H, d), 

5.26 (2 H, br s, -CH 2 Ph), 
7.34 (5 H, br s, arom) 

55 Reference Example 11 

(lS,2S)-2-benzyloxycarbonyl-1,2-dihydroxyethanecarbonyl-L-leucine 
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Bon^yl (2S,3S)-?,3-dihydroxy-3-[(S)-3-mothyl-Mort-buto^ was pro- 

parort from monobonzyl D-turtruto ostor obtainod in Roforonco Fxamplo 10 and loucino tort-butylostor* 
hydrochloride by using dicyclohoxylcarbodiimido and N-hydroxysuccinimido. This product (?.21 g) was 
dissolvod in 20 mi of 4-N hydrochloric acid/dioxano, and tho resultant solution was stirred undor ico cooling 
5 while tho tomporaturo was gradually returned to room tomporaturo, thoroby obtaining 1.31 g of a target 
compound. NMR data of tho compound was as follows. 
'H-NMR (CDC la) 

& ppm: 0.89 - 1 .09 (6 H, m, -CH 3 x 2), 

1 62 - 1.90 (3 H, m, -CH 2 CH(CH 3 )2). 
w 4.48 (1 H, d, J = 2.0 Hz), 

4.54 (1 H, m, >CHCONH-), 
4.59 (1 H, d, J =~2.0 Hz), 
5.19 (1 H t d, J = 13.6 Hz, -CH?Ph), 
5.29 (1 H. d, J = 13.6 Hz. -CH 2 Ph), 
15 7.30 - 7.50 (5H, m, arom) 

Example 1 

Ethyl (4S,5S)-5-[(S)-3-methyM-(3-methylbu^ 
20 yiate " ~ 




CH 3 
CH 3 



L-leucylisoamylamide*hydrobromide (1.90 g) obtained in Reference Example 2 was dissolved in 
dimethylformamide (40 ml). Triethylamine (1.35 ml) and diethyl cyanophosphonate (1.63 g) were sequen- 
tially added to the resultant solution under ice cooling, and the solution was stirred under ice cooling. A 
dimethylformamide (20 ml) solution of 2,3-O-benzylidene-ethyltartrate monoester [A. Tanaka et al. Agric. 
40 Biol, Chem. , 48, 2135 (1984)] (2.20 g) was added to the resultant solution under ice cooling, and the 
solution was stirred under ice cooling and then stirred at 4*C overnight. The reaction solution was 
condensed to be about 30 ml under a reduced pressure, and 150 ml of an ethyl acetate/benzene solution 
mixture were added to the condensed solution. The organic layer was sequentially washed with 10% citric 
acid, water, saturated sodium bicarbonate solution, water, and saturated sodium chloride solution and dried 
45 with magnesium sulfate. The solvent was distilled off from the dried organic layer under a reduced pressure 
to obtain a crude product. This crude product was purified by using a silica gel column chromatography (a 
developing solvent; hexane : ethyl acetate = 2 : 1) to obtain 2.22 g of a target compound in a form of white 
crystals. NMR data and SIMS data of the compound were as follows. 
1 H-NMR (CDC1 3 ) 
50 5 ppm: 0.84 - 1.00 (12 H, m, -CH 3 x 4), 
1.30 - 1.48 (5 H, m), 
1.48- 1.75 (4 H, m), 
3.24 (2 H, m, -NHCH2-), 
4.20 - 4.50 (3 H, m), 
55 4.78 (1/2 H, d, J - 3.1 Hz). 

4.91 (1/2 H, d, J = 3.5 Hz), 
4.93 (1/2 H, d, J = 3.5 Hz), 
5.02 (1/2 H, d, J = 3.1 Hz), 
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6.00 (1/2 H p s, Ph-CH<), 
6.02 (1 H, br s, -CONHCH2-), 
6.21 (1/2 H, s, Ph-CH<), 
6.78 (1/2 H, d, J = 8.9 Hz, -NHCHCO), 
5 7.04 (1/2 H, d, J = 8.9 Hz, -NHCHCO-), 

7.40 - 7.56 (5 H, m, arom.) 
SIMS m/z; 449 (M + 1) 

Example 2 

10 

Ethyl (2S,3S)-2,3-dihydroxy-3-[(S)-3-methyl-1-(3-me^^ 

HO OH 

Et020 CONHCHCONHCH2CH2CH <T 

i CH3 
r H 2 



20 



CH3 



Ethy! (4S,5S)-5-[(S)-3MTiethyl-1-(3-methylbutyica^ 
boxylate (2.07 g) obtained in Example 1 was dissolved in acetic acid (40 ml). Palladium black (0.40 g) was 
25 added to the resultant solution, and the solution was strongly stirred at room temperature for 60 hours under 
a hydrogen flow at 4.1 atm. After the catalyst was filtered off, the filtrate was condensed under a reduced 
pressure to obtain a crude product. The crude product was purified by using a silica gel column 
chromatography (a developing solvent; hexane : ethyl acetate = 1 : 1 — 1 : 3) to obtain 1.38 g of a target 
compound. NMR data of the compound was as follows. 
30 1 H-NMR (CDCI3) 

8 ppm: 0.89 - 0.95 (12 H, m, -CH 3 x 4), 

1.30 (3 H, t, J = 7.1 Hz f -OCH2CH3), 
1.33- 1.45 (2 H, m), 
1.50 - 1.72 (4 H, m), 
35 3.24 (2 H, m, -NHCH2-), 

3.52 (1 H, br s), 

4.28 (2 H, q, J = 7.1 Hz, -COCH 2 CH 3 ), 
4.45(1 H, m, >CHCONH-), 
4.49 (1 H, br s), 
40 4.66 (1 H, br s), 

4.91 (1 H t br s), 

6.57 (1 H, t, J = 4.4 Hz, -CONHCH2-), 
7.33 (1 H, d, J = 8.6 Hz, -NHCHCO-) 

45 Example 3 

Ethyl (4S,5S)-5-[(S)-3-methyl-1-(3-methylbutylcarbamoyl)butylcarbamoyl]-1 ,3,2-dioxathi olane-4-carboxylate- 
2'oxide" 

so 



55 
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) *\ / CH3 

Et02C CONHCHCONHCH2CH2CH\ 

[ ^ CH3 

I /CH3 
^CH 3 



Ethyl (2S,3S)-2.3-dihydroxy-3-[(S)-3-methyl- 1 -(3-methy Ibutylcarbamoy l)buty lcarbamoy!]propionate (305 
/s mg) obtained in Example 2 was dissolved in carbon tetrachloride (6 ml). Thionyl chloride (69 ul) was 
added to the resultant solution at room temperature, and the solution was heated under reflux for 40 
minutes. The reaction solution was condensed under a reduced pressure to obtain a crude product. This 
crude product was purified by using a silica gel column chromatography (a developing solvent; hexane : 
ethyl acetate = 2 : 1) to obtain 174 mg of a target compound as white crystals. This product was a 
20 diastereomer mixture due to 2-position asymmetry. Therefore, the mixture was subjected to the silica gel 
column chromatography again to obtain a high-polarity isomer (compound A) and a low-polarity isomer 
(compound B). NMR data and SIMS data of the compounds A and B were as follows. 

Compound A 

25 

1 H-NMR (CDC 1 3) 

5 ppm: 0,89 - 0.95 (12 H, m, -CH 3 x 4), 

1.34 (3 H, t, J = 7.1 Hz, -OCH2CH3), 
1.36 - 1.50 (2 H, m), 

30 1.50- 1.70 (4 H, m), 

3.26 (2 H, m. -NHCH 2 -), 

4.33 (2 H, q, J = 7.1 Hz, -OCH2CH3), 

4.35 - 4.40 (1 H, m, >CHCONH), 
5.22 (1 H ? d t J = 3.7 Hz), 

35 5.66 (1 H, d. J = 3.7 Hz), 

5.93 (1 H, br s, -CONHCH 2 -), 

6.94 (1 H, d, J = 8.0 Hz, -NHCHCO-) 
SIMS m/z; 407 (M + 1) 

40 Compound B 

1 H-NMR (CDCJts) 

8 ppm: 0.89 - 0.95 (12 H, m, -CH 3 x 4), 

1.34 (3 H, t, J = 7.1 Hz, -OCH2CH3), 
45 1 .36 - 1 .50 (2 H, m), 

1.50- 1.70(4 H, m), 

3.27 (2 H, m, -NHCH 2 -), 

4.33 (2 H, q, J = 7A Hz, -OCH 2 CH 3 ), 

4.35 - 4.40 (1 H, m, >CHCONH), 
50 5.38 (1 H, d, J = 4.0 Hz), 

5.72 (1 H, d, J = 4.0 Hz), 
5.90 (1 H, br s, -CONHCH2-), 
6.97 (1 H, d, J = 8.0 Hz, -NHCHCO-) 
SIMS m/z; 407 (M + 1) 

55 

Example 4 

Ethyl (4S,5S)-5-[(S)-3-methyH-(3-methylbu^ 
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2.2-dioxide 



70 



V 

) "\ /CH3 
Et02C CONHCHCONHCH 2 CH2CH\ 

' CH3 

/CH 3 
^CH3 



7S FoHowing the same procedures as in Example 3, ethyl (2S,3S)-2,3-dihydroxy-3-[(S)-3-methyl-1-(3- 
methylbutylcarbamoyl)butylcarbamoyl]propionate (200 mg) was converted into ethyl-(4S,5S)-5-[(S)-3- 
methyl-1-(3-methylbutylcarbamoyl) butylcarbamoyl]-1 ,3,2-dioxathiolane-4-carboxylate-2-oxide. Acetonltrile (3 
ml) was added to the reaction solution (carbon tetrachloride; 3 ml) without isolating nor purifying the 
product, and the resultant solution was stirred at room temperature. Subsequently, a solution prepared by 

20 dissolving sodium periodate (252 mg) and ruthenium trichloride hydrate (catalytic amount) in water (4.5 
mt) was added, and the resultant solution was stirred at room temperature for 20 hours. Diethylether was 
added to the reaction solution, and the ether layer of the solution was sequentially washed with water, 
saturated sodium bicarbonate solution, and saturated sodium chloride solution. The resultant layer was dried 
with magnesium sulfate, and the solvent was distilled off under a reduced pressure to obtain a crude 

25 product This crude product was purified by using a silica gel column chromatography (a developing 
solvent; hexane : ethyl acetate - 2 : 1) to obtain 117 mg of a target compound as a white powder. NMR 
data, IR data, and SIMS data of the compound were as follows. 
1 H-NMR (CDCJt 3 ) 

5 ppm: 0.89 - 0.96 (12 H, m, -CH 3 x 4), 

30 1 .36 (3 H, t, J = 7.2 Hz, -OCH 2 CH 3 ), 

1.35 - 1.50 (2 H, m), 

1.50 - 1.73 (4 H, m), 
3.30 (2 H, m, -NHCH2-), 

4.37 (2 H, q, J = 7i2 Hz, -OCH2CH3), 
35 4.50 (1 H, m, >CHCONH-), 

5.51 (1 H, d, J = 4.0 Hz), 
5.53 (1 H, d, J = 4.0 Hz), 

6.28 (1 H, t, J = 4.9 Hz, -CONHCH2-), 
7.47 (1 H, d, J = 8.0 Hz, -NHCHCO-) 

40 

IR v£HC&3 cm-1: 1750, 1677, 1413, 1229 
SIMS m/z; 423 (M + 1) 

45 

Example 5 

Ethyl (4R,5R)-5-[(S)-3-methyl»1-(3-methylbutylcarbamoyl)butylcarbamoyl]-2-phenyl-1 ,3-dioxolane-4-carbox- 
ylate ~ ~~ ~ ' ~~ ~~~ " " ~~ ~~ ~ — " 

50 



55 
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Following the same procedures as in Example 1, 3.38 g of a target compound were obtained from L- 
leucylisoamylamide'hydrobromide (2.50 g) obtained in Reference Example 2 and 2,3-O-bonzylidene-L- 
monoethylester tartarate (3.00 g). NMR data of the compound was as follows. 
'H-NMR (CDCl 3 ) 

5 ppm: 0.88 - 0.97 (12 H, m, -CH 3 x 4), 

1.30 - 1.50 (5 H, m), 

1.50 - 1.70 (4 H, m), 

3.27 (2 H, m, -NHCH2-). 

4.30 - 4.50 (3H, m, -OCH 2 CH 3 ,>CHCONH-), 

4Y9(1/2 H, d, J = 3.5 Hz), 

4.88 (1/2 H, d t J = 4.4 Hz), 

4.92 (1/2 H, d, J =* 4.4 Hz), 

4.94 (1/2 H, d, J = 3.5 Hz), 

5.97 (1 H, br s, -CONHCH 2 -), 

6.00 (1/2 H, s, Ph-CH<), 

6.17 (1/2 H. S, Ph-CH<), 

6.85 (1/2 H, d, J = 8.6 Hz, -NHCHCO-). 

7.12 (1/2 H, d, J = 8.6 Hz, -NHCHCO-), 

7.40 - 7.60 (5 H, m, arom.) 

Example 6 

Ethyl (2R,3R)-2,3"dihydroxy-3-[(S)'3-methyl-1-(3-methylbutylcarbamoyl)butylcarbamoyl]propionate 

HO OH 

/ \ /CH? 
Et020 CONH9HCONHCH2CH2CH \ 

CH3 

£ /CH 3 
V CH3 



Following the same procedures as in Example 2, 654 mg of a target compound were prepared from 
ethyl (4R,5R)-5-[(S)-3-methyl-1-(3-methylbutylcarbamoyl)butylcarbamoyl]-2-phenyl-1 ( 3-dioxolane-4-carbox- 
ylate (1.00 g) obtained in Example 5. NMR data of the compound was as follows. 
1 H-NMR (CDCI3) 

5 ppm: 0.86 - 0.96 (12 H, m, -CH 3 x 4), 

1.31 - 1.45 (5 H, m). 

1.50 - 1.75 (4 H, m), 

3.20 (2 H, m, -NHCH 2 -), 

4.27 (2 H, m. -OCH 2 CH 3 ), 

4.47 (1 H, m, >CHCONH-), 
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4.55 (1 H, br s), 
4.68 (1 H, br s), 
5.35 (1 H, br s) t 

6.99 (1 H, t, J = 4.9 Hz, -CONHCH 2 -), 
7.61 (1 H, d, J = 8.5 Hz, -NHCHCO-) 

Example 7 

Ethyl (4R,5R)-5-[(S)-3-methyl-1-(3-methylbutylcarb^ 



70 2-oxide 



1 



cr 



/CH 3 

Et02C CONHCHCONHCH2CH2CH \ 

T /CH 3 

20 CH\ 

CH 3 



Following the same procedures as in Example 3, 28 mg of a target compound were prepared from ethyl 
25 (2R,3R)-2,3-dihydroxy-3-[(S)-3-methyl-1 -(3-methylbutylcarbamoyl)butylcarbamoyl]propionate (1 50 mg) ob- 
tained in Example 6. This compound was a diastereomer mixture due to 2-position asymmetry. Therefore, 
the compound was subjected to a silica gel column chromatography to obtain a high-polarity isomer 
(compound C) and a low-polarity isomer (compound D). NMR data of the compounds C and D were as 
follows. 

30 

High-polarity isomer (C) 

'H-NMR (CDC* 3) 

5 ppm: 0.86 - 0.97 (12 H, m, -CH 3 x 4), 
35 1.30 - 1.50 (5 H f m), 

1.50- 1.93 (4H, m), 

3.20 (2 H, m, -NHCH2-), 

4.33 (2 H, q, J = 7.1 Hz, -OCH 2 CH 3 ), 

4.40 - 4.55 (1 H, m, >CHCONH-), 
40 5.36 (1 H, d, J = 2.7 Hz), 

5.84 (1 H, d, J = 2.7 Hz), 

6.45 (1 H, br s, -CONHCH2-). 

6.66 (1 H, d, J = 8.8 Hz) 

45 Low-polarity isomer (D) 

1 H-NMR (CDC£ 3 ) 

5 ppm: 0.89 - 0.95 (12 H, m, -CH 3 x 4). 
1.30 - 1.50 (5 H. m), 
50 1.50 - 1.93 (4 H, m). 

3.22 (2 H, m. -NHCH2-), 

4.32 (2 H, q, J = 7.1 Hz. -OCH 2 CH 3 ). 
4.38 - 4.45 (1 H, m, >CHCONH-), 

5.33 (1 H, d, J = 4.4 Hz), 
55 5.72 (1 H. d, J = 4.4 Hz), 

6.10 (1 H, br s, -CONHCH2-), 
7.18(1 H,d, J = 8.5 Hz) 
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l-xamplo 0 

Cthyl (4R ( 5R)-5-[(S)-3Mnothyl-1-(3-mothylbutylcarbamoyl)biJtylcarbamoyl]-1,3,2-dioxath 

2~2-dioxido " ' 

V 

Et02C CONHCHCONHCH2CH2CH \ 

CH3 



Following the same procedures as in Example 3, ethyl (4R,5R)-5-[(S)-3-methyM-(3-methylbutylcar- 
bamoyl)butylcarbamoyl]-1 ,3,2-dioxathiolane-4-carboxylate-2-oxide was prepared from ethyl (2R,3R)-2,3- 
dihydroxy-3-[(S)-3-methylO-(3-methylbutylcarbamoyl)butylcarbamoyl]propionate (40 mg). Subsequently, 30 
mg of a target compound were obtained following the same procedures as in Example 4. NMR data of the 
compound was as follows. 
'H-NMR (CDCI3) 

5 ppm : 0.89 - 0.97 (12 H, m, -CH 3 x 4), 

1.30 - 1.50 (5 H. m), 

1.50 - 1.90 (4 H, m), 

3.25 (2 H, m, -NHCH2-), 

4.38 (2 H, q, J = 72 Hz, -OCH2CH3), 

4.50 (1 H, m, >CHCONH-), 

5.51 (1 H, d, J = 4.1 Hz), 
5.53 (1 H, d, J = 4.1 Hz), 
6.10 (1 H f br s, -CONHCH2-), 

7.18 (1 H, d, J = 8.5 Hz, -NHCHCO-) 

Example 9 

(2S,3S)-2 l 3"dihydroxy-3-[ (SV3-m ethyh1-(3-methylbutylcarbamoyl)butylcarbamoyl]pro acid 

HO OH 

H0 2 C CONHCHCONHCH 2 CH 2 CH C 

\ ^ CH3 

.CH3 
^CH 3 



Ethyl (2S,3S)-2,3-dihydroxy-3-[(S)-3-methyl-1-(3-methylbutyIcarbamoyl)butylcarbamoyl]propionate (309 
mg) obtained in Example 2 was dissolved in methanol. 2N KOH (472 ul) was added to the resultant 
solution, and the solution was stirred at 0°C for two hours. Thereafter, the solvent was distilled off under a 
reduced pressure, sodium bicarbonate solution was added to adjust a pH to be about 8, and the aqueous 
layer was washed with ethyl acetate. Subsequently, the pH was adjusted to about 2 by dilute hydrochloric 
acid, sodium chloride was added until the solution was saturated, and the aqueous layer was extracted by 
ethyl acetate. The extracted organic layer was washed with sodium chloride solution and dried with 
magnesium sulfate, and the solvent was distilled off under a reduced pressure, thereby obtaining 264 mg of 
a target compound. NMR data of the compound was as follows. 
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'H-NMR (CDCl 3 ) 

5 ppm: 0.80 - 1.06 (12 H, m, -CH 3 x 4), 

1 .30 - 1 .47 (2 H, m), 
1.53 - 1.75 (4 H, m) f 
3.11 (1 H, m, -NHCH2-), 

3.31 (1 H, m, -NHCH2-), 
4.50 (1 H, m, >CHCONH-), 
4.56 (1 H, br s), 

4.62 (1 H, br s), 
7.25 (1 H, br s), 
7.88 (1 H, br s) 



Example 10 

Benzyl (2S,3S)-2,3-dihydroxy-3-[(S)-3-methyM^ 



O- 



HO 
CH2O2 




CONHCHCONHCH2CH2CH 




/CH 3 



(2S,3S)-2,3-dihydroxy-3-[(S)-3-methyl-1-(3-methylbuty^ acid (1 .40 g) 

obtained in Example 9 and sodium bicarbonate (712 mg) were suspended in dimethyiformamide (20 ml). A 
dimethylformamide (20 ml) solution of benzyl bromide (3.56 g) was added to the resultant suspension, and 
the suspension was stirred at room temperature for 24 hours. Water was added after the reaction, and then 
was extracted by ethyl acetate. The organic layer was sequentially washed with water and saturated sodium 
chloride solution. After the resultant layer was dried with magnesium sulfate, the solvent was distilled off 
under a reduced pressure to obtain a crude product. This crude product was purified by using a silica gel 
column chromatography (a developing solvent; hexane : ethyl acetate = 1 : 1 1 : 3) to obtain 1.13 g of a 
target compound. NMR data of the compound was as follows. 
1 H-NMR (CDCl 3 ) 

5 ppm: 0.78 - 1.03 (12 H, m, -CH 3 x 4), 

1.28- 1.40 (2 H, m), 

1.48- 1.72 (4 H. m), 

3.18(2 H, m t -NHCH2-). 

3.61 (1 H, d, J = 777 Hz, -OH) 

4.47 (1 H, m, >CHCONH-) 

4.52 (1 H, dd, J = 7.2, 1 .8 Hz), 

4.71 (1 H, dd. J = 7.7, 1.9 Hz), 

5.12 - 5.31 (3 H, m, Ph-CH 2 -, -OH), 

6.70 (1 H, t, J = 5.9 Hz, -CONHCH2-), 
7.34 (1 H, m, arom), 

7.40 (1 H. d, J = 8.7 Hz, -NHCHCO-) 

Example 11 

Benzyl (4S,5S)-5-[(S)-3-methyl-1-(3-methylbutylcarbamoyl)butylcarbamoyl]-1 t 3 > 2-dioxathiolane-4- 
carboxylate-2,2-dioxide ~ ~ — - - - = = " " 
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V 



^ CH 2 0 2 C^ ^CONH9HCONHCIl2CH 2 CH \ ™ 3 



'H2 

CH 3 



Following the same procedures as in Example 4, 981 mg of a target compound were prepared from 
benzyl (2S,3S)-2,3-dihydroxy-3-[(S)-3-methylM-(3-methylbutylcarbamoyl)butylcarbamoyl]propionate (1 .70 g) 
obtained in Example 10. NMR data and SIMS data of tho compound were as follows. 
1 H-NMR (CDCta) 

5 ppm: 0.80 - 1.05 (12 H, m, -CH 3 x 4), 

1.35 - 1.50 (2 H, m), 

1.55 - 1.71 (4 H, m), 

3.28 (2 H, m, -NHCH 2 -), 

4.47 (1 H, m, >CHCONH-), 

5.31 (2 H, s, Ph-CH 2 -), 

5.47 (1 H, d, J = 3.7 Hz), 

5.54 (1 H, d, 3 = 3.7 Hz), 

5.91 (1 H, br s, -CONHCH 2 -), 

7.11 (1 H, d, J = 8.2 Hz, -NHCHCO-), 

7.37 (1 H, s. arom) 
SIMS m/z: 485 (M + 1) 

Example 12 

(4S,5S)-5-[(S)-3-methyl-1-(3-met^ 
dioxide 

V 

H02C CONHCHCONHCH2CH2CH \ 

CH3 

J H /CH 3 
X CH 3 

Benzyl (4S,5S)-5-[(S)-3-methy!-1-(3-methylbutylcarbamoyl)butylcarbamoyl]-1 ,3,2-dioxathiolane-4- 

carboxyfate-2,2-dioxide (1.07 g) obtained in Example 11 was dissolved in tetrahydrofuran (65 ml), 10% 
palladium carbon (110 mg) was added to the resultant solution, and the solution was stirred at room 
temperature for four hours under a hydrogen flow. After the catalyst was filtered out, the resultant filtrate 
was condensed under a reduced pressure to obtain 1.05 g o"f a target compound. NMR data, IR data, and 
SIMS data of the compound were as follows. 
^-NMR (CDCJt 3 ) 

5 ppm: 0.82 - 1 .03 (12 H, m, -CH 3 x 4), 
1.35- 1.46 (2H, m), 
1.50 - 1.79 (4 H, m), 
3.11 - 3.41 (2 H, m, -NHCH 2 -), 
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4.49 (1 H, m, >CHCONH-) t 
5.51 (2 H, m), 

6.63 (1 H, br s, -CONHCH 2 -), 

7.72 (1 H, d, J = 8.3 Hz, -NHCHCO-) 

IR vCHCJ, 3 cm-1: 1749, 1689, 1637, 1528, 1413, 1213 

SIMS m/z; 395 (M + 1) 
Example 13 

Ethyl (2S,3S)-2 t 3-dihydroxy-3-[(S)-1-(N^ 

HO OH 

y \ s CH2CH2CH2CH3 

Et0 2 C CONHCHCON\_ _ t ^ r m 
J CH2CH2CH2CH3 

l /CH 3 

"CH3 



L-leucyldibutylamide obtained in Reference Example 3 was reacted following the same procedures as in 
Example 1. Subsequently, 1.05 g of a target compound were prepared from the obtained compound 
following the same procedures as in Example 2. NMR data of the target compound was as follows. 
1 H-NMR (CDCl 3 ) 

5 ppm: 0.83 - 1 .09 (12 H, m f -CH 3 x 4), 
1.22 - 1.81 (14 H, m), 
3.10 (1 H, m, >N-CH 2 -), 

3.30 (2 H, t, J = 8.0 Hz. >N-CH 2 -), 
3.42 - 3.61 (2 H, m, >N-CH 2 -, -OH), 

4.31 (2 H, m, -OCH 2 CH 3 ). 
4.51 (1 H, dd, J = 1.8, 7.2 Hz), 
4.68 (1 H. dd, J a 1 .8, 7.4 Hz), 
4.89 (1 H, d, J = 7.2 Hz, -OH), 
4.99 (1 H, m, >CHCON<), 

7.44 (1 H, d, J = 9.0 Hz, -NHCHCO-) 

Example 14 



Ethyl (4S,5S)-5-[(S)-1-(N,N-dibutylcarbamoyl)-3-methylbutylcarbamoyl]-1 ^-dioxathiolane-^carboxylate- 
2,2-dioxide 



Et02C 



V° 

>-< 



CONHCHCON 




/CH 2 CH2CH2CH3 
CH2CH2CH2CH3 



Following the same procedures as in Example 4, 53 mg of a target compound were prepared as a 
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colorloss transparont oily product from othyl (2S,3S)-2,3-dihydroxy-3-[(S)- 1 -{N,N-dibutylcarbamoyl)-3- 
mothylhutylcarhcirnoyllpioplonuto (108 mg) obtainod in Fxamplo 13. NMR data and SIMS data of tho target 
compound woro as follows. 
' H-NMH (CDC fa) 

& ppm: 0.86 - 1.07 (12 H, m, -CH 3 x 4), 



1.36 (3 H, t, J * 7.1 Hz, -OCH 2 CH 3 ), 

1.25 - 1.72 (11 H, m), 
3.07 (1 H, m, >N-CH 2 -), 

3.26 (2 H, m t >N-CH r ), 
3.56 (1 H, m, >N-CH ? -), 

4.36 (2 H, q, J = 7.1 Hz, -OCH 2 CH 3 ), 

4.96 (1 H, m, >CHCON<), 

5.47 (1 H. d, J = 4.0 Hz), 

5.52 (1 H, d, J = 4.0 Hz), 

7.32 (1 H, d, J = 8.8 Hz, -NHCHCO-) 



SIMS m/z; 465 (M + 1) 
Example 15 

Ethyl (2S,3S)-2 t 3-d ih ydroxy-3"[(S)-1-benzylcarbamoyl-3-methy lbutylcarbamoyl]propionate 



L-leucylbenzylamide obtained in Reference Example 4 was reacted following the same procedures as in 
Example 1, and the obtained compound was reacted following the same procedures as in Example 2, 
thereby obtaining 986 mg of a target compound. NMR data of the target compound was as follows. 
'H-NMR (CDCla) 

6 ppm: 0.78 - 1.00 (6 H, m f -CH 3 x 2), 



1.23 (3 H, t, J = 7.1 Hz, -OCH2CH3), 
1.51 - 1.70 (3 H, m), 
3.67 (1 H, d, J = 7.2 Hz, -OH), 
4.08 - 4.21 (3 H, m), 
4.33 - 4.46 (2 H, m), 
4.51 - 4.67 (2 H, m), 
5.47 (1 H, d, J = 6.4 Hz, -OH), 
7.11 - 7.34 (5 H, m, arom), 
7.53 (1 H, d, J = 8.6 Hz, -NHCHCO-), 
7.64 (1 H, t, J = 5.6 Hz, -CONHCH2-) 



Ethyl (4S,5S)-5-[(S)-1-benzylcarbamoyl-3-methylbutylcarbamoyl]-1 > 3,2-dioxathiolane-4-carboxylate-2,2-dio x- 




Example 16 
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O" 

> 



Et02C 



C0NHCHC0NHCH 2 




Following the same procedures as in Example 4, 363 mg of a target compound were prepared as white 
crystals from ethyl (2S,3S)-2,3-dihydroxy-3-[(S)-1-ben2ylcarbamoyI-3-methylbutylcarbamoyl]propionate (473 
mg) obtained in Example 15. NMR data, IR data, SIMS data, and a melting point of the target compound 
were as follows. 
1 H-NMR (CDC 1 3) 

5 ppm: 0.93 (6 H, t, J = 5.9 Hz, -CH 3 x 2), 



1.36 (3 H. t, J = 7.2 Hz. -OCH 2 CH 3 ), 
t.58- 1.72 (3 H, m), 

4.32 - 4.55 (5 H, m, -OCH2CH3, Ph-CH 2 -, >CHCONH-), 

5.45 (2 H, dd, J = 3.8, 8.7 Hz), 

6.29 (1 H, t, J - 4.8 Hz, -CONHCH 2 -). 

7.04 (1 H, d, J = 8.2 Hz, -NHCHCO-), 

7.21 - 7.40 (5 H, m, arom) 

IR vCHC&3 cm-1: 1750, 1678, 1522, 1413, 1216, 



SIMS m/z; 443 (M + 1) 
mp; 141.0 - 142.0* C 

Example 17 

Ethyl (2S,3S)-2 t 3-dihydroxy-3"[(S)-3>methyl-1-(piperidine-1-yicarbonyl)butylcarbamoyl]propionate 



L-leucylpiperidylamide obtained in Reference Example 5 was reacted following the same procedures as 
in Example 1, and the obtained compound was reacted following the same procedures as in Example 2, 
thereby obtaining 512 mg of a target compound. NMR data of the target compound was as follows. 
1 H-NMR (CDCI 3 ) 

5 ppm: 0.85 - 1.07 (6 H, m, -CH 3 x 2). 



1.30 (3 H, t, J = 7.2 Hz, -OCH 2 CH 3 ), 
1.34- 1.78(9 H. m), 
3.40 - 3.61 (5 H, m), 
4.28 (2 H, m. -OCH 2 CH 3 ) 
4.48 (1 H, dd, J = 2.0, 7.5 Hz), 
4.67 (1 H, dd, J = 2.0, 7.6 Hz), 
4.89 (1 H, d. J = 7.5 Hz, -OH), 
5.04 (1 H, m, >CHCON<), 




CH 3 
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7.49 (1 M, ri, J = 8.9 Hz. -NHCHCO-) 



Ethyl (4S,5S)-5-[(S)-3-mothy 1- 1 -(plp oridlno- 1 -y l-carbo ny l)buty Icarbamoyl]- 1 .3.2-dioxathiolane-4-carboxylato- 



Following the same procedures as in Example 4, 90 mg of a target compound were prepared from ethyl 
(2S.3S)-2,3-dihydroxy-3-[(S)-3-methyM -(piperidine-1-yl-carbonyl)butylcarbamoyl]propionate obtained in Ex- 
ample 17. NMR data of the target compound was as follows. 
'H-NMR (CDCt 3 ) 

6 ppm : 0.92 (3 H, d, J = 6.4 Hz, -CH 3 ), 



0.99 (3 H, d, J = 6.4 Hz, -CH 3 ), 
1.36 (3 H, t, J = 7.1 Hz, -OCH 2 CH 3 ), 

1.41 - 1.73 (9 H, m), 

3.42 (2 H, br s), 
3.58 (2 H, m) t 

4.38 (2 H, m, -OCH 2 CH 3 ), 
5.01 (1 H, m, >CHCON<), 
5.45 (1 H, d, J = 3.9 Hz), 
5.52 (1 H, d. J = 3.9 Hz), 
7.28 (1 H, br s, -NHCHCO-) 



Example 19 

Ethyl (2S,3S)-2,3-dihydroxy-3-[(S)-1-decylcarbamoyl-3-methylbutyicarbamoyl]propionate 



L-leucyldecylamide obtained in Reference Example 6 was reacted following the same procedures as in 
Example 1, and the obtained compound was reacted following the same procedures as in Example 2, 
thereby obtaining 1.05 g of a target compound. NMR data of the target compound was as follows. 
1 H-NMR (CDCJta) 

5 ppm: 0.79 - 1.01 (9 H, m, -CH 3 x 3), 



1.14- 1.73 (22 H, m). 
3.20 (2 H, m f -NHCH 2 -), 
3.52 (1 H, d, J = 7.1 Hz, -OH), 
4.28 (2 H, m, -OCH 2 CH 3 ), 
4.46 (2 H, m), 



2,2-dioxido 
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4.65 (1 H, d, J = 6.9 Hz), 

4.84 (1 H, d, J = 7.2 Hz), 

6.54 (1 H, br s, -CONHCH2-), 

7.31 (1 H, d, J = 8.5 Hz, -NHCHCO) 



Example 20 



Ethyl (4S,5$)'5-[(S)-1-decylcarbamoyl-3-methylbutylcarbamoyl]-l > 3 > 2-dioxathiolane-4-carboxylate-2 > 2'diox- 



Following the same procedures as in Example 4, 286 mg of a target compound were obtained as white 
crystals from ethyl (2S,3S)-2,3-dihydroxy-3-[(S)-1-decylcarbamoyl-3-methyIcarbamoyl]propionate (444 mg) 
obtained in Example 19. NMR data, SIMS data, and a melting point of the target compound were as follows. 
1 H-NMR (CDCI3) 



0.81 - 1.00 (9 H, m, -CH 3 x 3), 
1.18-1.70 (18 H, m), 
1.37 (3 H, t. J = 7.1 Hz, -OCH 2 CH 3 ), 
3.27 (2 H, m, -NHCH 2 -) t 
4.30 - 4.46 (3H, m, -OCH 2 CH 3 ,>CHCONH-), 
5.48 (2 H, dd, J = 3.8, 5.8 Hz), 
5.80 (1 H, br s, -CONHCH 2 -), 
6.96 (1 H, d, J = 8.1 Hz, -NHCHCO-) 



SIMS m/z; 493 (M + 1) 
mp; 114.0 - 114.6'C 

Example 21 

Ethyl (2S,3S)-2,3-dihydroxy-3[(S)-1-cyclohexylcarbamoyl-3-methylbutylcarbamoyl]propionate 



L-leucylcyclohexylamide obtained in Reference Example 7 was reacted following the same procedures 
as in Example 1, and the obtained compound was reacted following the same procedures as in Example 2, 
thereby obtaining 415 mg of a target compound. NMR data of the target compound was as follows. 
1 H-NMR (CDCI3) 

5 ppm : 0.80 - 1.02 (6 H. m, -CH 3 x 2). 





1 .09 - 1 .38 (5 H. m), 

1.31 (3 H, t, J = 7.2 Hz, -OCH 2 CH 3 ). 

1.50 - 1.91 (8 H, m), 
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3.51 (1 H, cl. J = A3 Hz, -OH). 

3.G0 (1 H, in), 

4.26 (2 H. m, -OCH:>CH:i), 

4.40 (1 H, m, >CHCONH-), 
4 49 (t H, d, J = 7.1 Hz), 
4.66 (1 H, dd. J = 1.7, 7.2 Hz), 
4.99 (1 H, d, J = A3 Hz, -OH), 

6.41 (1 H, d, J = 8.1 Hz), 
7.34 (1 H, d. J = 8.6 Hz) 

Example 22 

Ethyl (4S t 5S)-5 -[ (S)"1-cyclo hexylca rbamo yl- 3-meth yl butylca rbamoyl]-1 t 3,2-dioxathiolan9-4-carboxylate-2,2- 




Following the same procedures as in .Example 4, 151 mg of a target compound were prepared as white 
crystals from ethyl (2S,3S)-2,3-dihydroxy-3-[(S)-1-cyclohexylcarbamoyl-3-methylbutylcarbamoyl]propionate 
(415 mg) obtained in Example 21. NMR data and a melting point of the target compound were as follows. 
1 H-NMR (CDC 1 3) 

5 ppm: 0.81 - 1.01 (6 H, m, -CH 3 x 2), 

1.08- 1.47 (5 H, m), 

1.36 (3 H, t, J = 7.2 Hz, -OCH2CH3), 

1.56 - 1.78 (6 H, m), 

1.82 - 1.96 (2 H, m), 

3.74 (1 H, m), 

4.26 - 4.46 (3 H, m, -OCH 2 CH 3 . >CHCONH-), 
5.50 (2 H, dd. J = 3.9, 7.2 Hz), 
5.74 (1 H, d,J = 8.6 Hz), 
7.10 (1 H, d, J = 8.0 Hz) 
mp: 176.7- 177.1*0 

Example 23 

Benzyl (2S,3S)-2,3-dihydroxy-3-[(S)-1-(3-methylbutylcarbamoyl)-2-phenylethylcarbamoyl]proionate 
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10 



15 



20 



25 



Monobenzyl D-tartarate ester (150 mg) obtained in Reference Example 10 was dissolved in dimethylfor- 
mamide (6 ml). N-dihydroxysuccinimide (66 mg) and dicyclohexylcarbodiimide (142 mg) were sequentially 
added to the resultant solution under ice cooling, and the solution was stirred under ice cooling. Thereafter, 
the temperature was gradually returned to room temperature. After two hours, a dimethylformamide (2 ml) 
solution of L-phenylalanylisoamylamide (146 mg) obtained in Reference Example 8 was added to the 
resultant solution under ice cooling, and the solution was stirred under ice cooling. The solution was stirred 
overnight while the temperature was gradually returned to room temperature. The reaction solution was 
subjected to distillation under a reduced pressure, and ethyl acetate was added. The organic layer was 
sequentially washed with saturated sodium bicarbonate solution and saturated sodium chloride solution and 
dried with magnesium sulfate, and the solvent was distilled off under a reduced pressure, thereby obtaining 
a crude product. This crude product was purified by using a silica gel column chromatography (a 
developing solvent: chloroform: methanol = 30 : 1) to obtain 220 mg of a target compound. NMR data of 
the compound was as follows. 
'H-NMR (CDCl 3 ) 
5 ppm: 0.69 ■ 
1.06 • 
1.22 ■ 
2.88 



x 2), 



0.90 (6 H, m t -CH 3 
1.19 (2 H, m), 
1.39 (1 H, m), 
3.18 (4 H, m), 
3.52 (1 H, d, J = 7.0 Hz), 
4.43 - 4.67 (3 H, m), 
4.71 (1 H, d, J » 6.6 Hz), 
5.20 (1 H, d, J = 12.1 Hz, -CH 2 Ph), 
5.26 (1 H, d, J - 12.1 Hz, -CH 2 Ph), 
5.85 (1 H, br s, -CONHCH 2 -),~ 
7.08 - 7.38 (10 H, m, arom), 
7.48 (1 H, d, J ■ 8.0 Hz, -NHCHCO-) 



Example 24 



30 Benzyl 



(4S f 5S)-5-[(S)-1-(3-methylbutylcarbamoyl)-2'phenylethylcarbamoyl]-1 ,3,2-dioxathiolane-4- 



carboxylate-2,2-dioxide 



35 



40 



cr 



x y^-CH 2 0 2 C 



CONHCHCONHCH2 CH2 CH \ 




CH3 
CH3 



45 



Following the same procedures as in Example 4, 106 mg of a target compound were prepared as white 
crystals from benzyl (2S,3S)-2,3-dihydroxy-3-[(S)-1-(3-methylbutylcarbamoyl)-2-phenylethylcarbamoyl]- 
propionate (180 mg) obtained in Example 23. NMR data, SIMS data, and a melting point of the target 
so compound were as follows. 
1 H-NMR (CDCI3) 

8 ppm: 0.80 - 0.91 (6 H, m. -CH 3 x 2), 
1.16- 1.27 (2 H. m), 
1.35 - 1.48 (1 H, m), 
55 2.97 - 3.28 (4 H, m), 

4.56 (1 H, m, >CHCONH-), 

5.31 (2 H, br s, -CH 2 Ph), 

5.32 (1 H, d, J = 4.1 Hz), 
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5 43 (1 H, d, J = 4.1 Hz), 
717 - 7.43 (10 H, m, arom) 
SIMS m/z; 519 (M + 1) 
mp; 147.5 - 148.5 # C 

Example 25 

Benzyl (2S,3S)>2,3-dlhydroxy-3-[(S)-1-(3-methylbutylcarbamoyl)pentylcarbamoyl]proplQnate 



HO OH 



<>v 7?— CH202C CONH9HCONHCH2CH2CH \ - 



iH2CH 2 CH2CH3 ^ 



Following the same procedures as in Example 23, 235 mg of a target compound were prepared from 
monobenzyl D-tartarate ester (166 mg) obtained in Reference Example 10 and L-norleucylisoamylamide 
(152 mg) obtained in Reference Example 9. NMR data of the target compound was as follows. 
'H-NMR (CDCI3) 

5 ppm: 0.79 - 0.94 (9 H, m, -CH 3 x 3), 

1.18 - 1.40 (6 H, m). 

1 .46 - 1 .82 (3 H, m), 

3.20 (2 H, m, -NHCH2-), 

3.52 (1 H, d, J = 72 Hz), 

4.35 (1 H, q, J = 7.2 Hz, >CHCONH-), 

4.50 (1 H, dd, J = 1.8, 7.2 Hz), 

4.65 (1 H. d, J = 7.2 Hz), 

4.71 (1 H f dd, J = 1.8, 7.2 Hz), 

5.20 (1 H, d, J = 12.2 Hz, -CH 2 Ph), 

5.26 (1 H. d, J = 12.2 Hz. -CH 2 Ph), 
6.40 (1 H, t, J = 5.6 Hz, -CONHCH 2 -). 

7.27 - 7.41 (6 H, m) 

Example 26 

Benzyl (4S,5S)-5'[(S>1-(3-methylbutylcarbamoyl)pentylcarbamoyl]-1 ,3 t 2-dioxathiolane-4-carboxylate-2,2- 
dioxide ~ ~ ' " ' ' ~~ " ' ~ ~~ — ~ — 



O v ,0 



< ^ ^ >— CH 2 0 2 C CONH(pHCONHCH 2 CH2CH \^j 3 



[2CH2CH2CH3 



Following the same procedures as in Example 4, 169 mg of a target compound were prepared as white 
crystals from benzyl (2S,3S)-2,3-dihydroxy-3-t(S)-1-(3-methylbutylcarbamoyl)pentylcarbamoyl]propionate 
(205 mg) obtained in Example 25. NMR data of the target compound was as follows. 
'H-NMR (CDCJU) 

5 ppm: 0.80 - 0.97 (9 H, m, -CH 3 x 3), 
1.20 - 1.44(6 H, m), 
1.55 - 1.90 (3 H, m), 
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3.28 (2 H, m, -NHCH 2 -), 

4.37 (1 H, dd. J » 7.5, 14.3 Hz, >CHCONH-), 

5.32 (2 H, br s t -CH 2 Ph), 

5.47 (1 H, d, J = 5:8 Hz), 

5.56 (1 H, d, J = 3.8 Hz), 

5.84 (1 H, t, J = 5.4 Hz, -C0NHCH 2 -), 

7.18 (1 H, d, J = 8.0 Hz, -NHCHCO-), 

7.34 - 7.47 (5 H, m, arom) 
SIMS m/z; 485 (M + 1) 
mp; 117.7 - 118.7° C 

Example 27 

Benzyl (2S t 3S)-2 t 3-dihydroxy-3-[(S)-3-methyl>1>phenethylcarbamoylbutylcarbamoyl]propiQnate 




Following the same procedures as in Example 23, 143 mg of a target compound were prepared by 
condensing (1S,2S)-2-benzyloxycarbonyl-1,2-dihydroxyethanecarbonyl-L-leucine (161 mg) obtained in Ref- 
erence Example 11 and phenethylamine (57 mg). NMR data of the target compound was as follows. 
1 H-NMR (CDCI3) 

5 ppm: 0.80 - 0.94 (6 H, m, -CH 3 x 2), 

1.44- 1.70 (3 H, m), 

2.79 (2 H, t, J = 7.4 Hz, -CH 2 CH 2 Ph), 

3.33 (1 H, d, J = 7.8 Hz), 

3.52 (2 H, m. -NHCH 2 -), 

3.98 (1 H, d, J = 7.8 Hz), 

4.32 - 4.41 (1 H, m, >CHCONH-), 

4.45 (1 H, dd, J = 1.8, 7.8 Hz), 

4.68 (1 H, dd. J = 1.8, 7.8 Hz), 

5.25 (2 H, br s, -CH 2 Ph), 

6.23 (1 H, t. J = 6.9 Hz. -C0NHCH 2 -) f 

7.01 (1 H. d, J = 8.9 HZ. -NHCHCO-). 

7.12-7.40 (10 H, m, arom) 

Example 28 

Benzyl (4S,5S)-5-[(S)-3-methyl-1-phenethylcarbamoylbutylcarbamoyl]-1 ,3,2-dioxathiolane-4-carboxylate-2,2- 
dioxide " ' " " ~ ' " " ~ 
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I nllowinci tho sarno procoduros as in txamplo 4, 82 mq of a targot compound woro proparod as white 
crystals from bonzyl (2S,3S)-2,3-dihydroxy-3-[(S)-3-mothYl- 1 -phonothy Icarbamoy Ibuty Icar bamoy I Ipropionate 
(109 mg) obtoinod in txamplo 27. NMR data, SIMS data, and a molting point of tho targot compound were 
as follows. 
'H-NMR (CDCI:,) 

5 ppm: 0.81 - 0.98 (6 H, m, -CH 3 x 2), 
1.47 - 1.70 (3H, m), 

2.82 (2 H, d, J = 6.8 Hz, -CH 2 CH 2 Ph), 
3.56 (2 H, m, -NHCHu-), 

4.32 (1 H, m, >CHCONH-), 

5.33 (2 H, br s, -CH 2 Ph), 
5.40 (1 H, d. J = 3.7 Hz), 
5.49 (1 H, d, J = 3.7 Hz), 
5.77 (1 H, br s, -CONHCH2-), 

6.82 (1 H, d, J = 8.8 Hz, -NHCHCO-). 

7.10 - 7.50 (10 H, m, arom) 
SIMS m/z; 519 (M + 1) 
mp; 99.2 - 101.0* C 

Example 29 

Benzyl (2S,3S)-2,3-dihydroxy"3-[(S)-3-methyl-1-phenylcarbamoylbutylcarbamoyl]propionate 




Following the same procedures as in Example 23, 93 mg of a target compound were obtained by 
condensing (1S,2S)-2-benzyloxycarbonyl-1 ,2-dihydroxyethanecarbonyl-L-leucine (200 mg) obtained in Ref- 
erence Example 1 1 and aniline (59 mg). NMR data of the target compound was as follows. 
'H-NMR (CDCta) 

5 ppm: 0.80 - 1.01 (6 H, m, -CH 3 x 2), 

1.57 - 1.82 (3 H, rn), 

3.66 (1 H, d f J = 7.3 Hz), 

4.52 (1 H, d, J = 5.7 Hz), 

4.61 - 4.82 (3 H, m), 

5.12 (1 H, d, J = 12.2 Hz, -CH 2 Ph), 

5.20 (1 H, d, J = 12.2 Hz, -CH 2 Ph), 

6.97 - 7.56 (1 1 H, m, -CONHCH< and arom) 

8.99 (1 H, br s, -CONHPh) 

Example 30 

Benzyl (4S,5S)-5-[(S)-3-methyl-1-phenylcarbamoylbutylcarbamoyl]-1 ,3 t 2-dioxathiolane-4-carboxylate-2,2- 
dioxide ~ ~ ~ ~ ~ " " " ~ — — 
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Following the same procedures as in Example 4, 17 mg of a target compound were prepared from 
benzyl (2S,3S)-2,3-dihydroxy-3-[(S)-3-methy 1-1 -pheny Icarbamoylbutylcarbamoyljpropionate (25 mg) ob- 
tained in Example 29. NMR data of the compound was as follows. 
1 H-NMR (CDCla) 

8 ppm: 0.83 - 1 .08 (6 H, m, -CH 3 x 2), 

1.52- 1.81 (3 H, m), 

4.59 - 4.72 (1 H, m), 

5.33 (2 H, br s, -CH 2 Ph), 

5.50 (1 H, d, J = 3.6 Hz), 

5.54 (1 H, d, J = 3.6 Hz), 

7.20 - 7.59 (10 H, m, arom) 
As has been described above in detail, a 1 ,3,2-dioxathiolane oxide derivative according to the present 
invention is a novel compound and can specifically and strongly inhibit thiol proteases without adversely 
affecting activity of proteolytic enzymes such as trypsin, chymotrypsin, elastase, and leucineaminopep- 
tidase. Therefore, this compound can be used as a prophylactic or curing medicine against, e.g., myotonic 
dystrophy, inflammation, renal hypertension, cataract, myocardial infarct, a virus infectious disease, a 
malignant tumor, osteoporosis, and an allergic disease. 



Claims 



1. A 1 ,3,2-dioxathiolane oxide derivative represented by the following formula: 



o 

H 

RlOOC 



2 H 



CO-NHCHCO-N 



R3 
R4 



[I] 



(wherein 

• X means -S(O)- or -S(0) 2 -, 

• R 1 means a hydrogen atom, an alkali metal atom, a benzyl group, or a lower alkyl group, 

• R 2 means a lower alkyl group which may be substituted with a methylthio group, or a benzyl 
group, and 

• R 3 and R* may be the same or different and independently mean a hydrogen atom, an alkyl 
group having one to ten carbon atoms, a lower alkyl group substituted with a guanidyl group, a 
cycloalkyl group having 3 to 6 carbon atoms, a phenyl group, a benzyl group, or a phenethyl 
group, or together mean an alkylene group.) 

2. A 1,2-diol derivative represented by the following formula: 

[ii] 




RlQOC 



(wherein R 1 , R 2 , R 3 , and R* have the same meanings as defined in claim 1.) 



35 



3. 



EP 0 460 239 A1 

A 1,3-dioxolano ciorivativo roprosontod by tho following formula: 



R 5 R 6 




»±4 



CO-NHCHCO-N 



R3 [HI] 



/ \ ! X R4 

RlOOC H R2 

w 

(wherein 

• R\ R ? , R 3 and R 4 have the same meanings as defined in claim 1, and 

• R 5 and R 6 may be the same or different and independently mean a hydrogen atom, a lower alkyl 
group, a substituted or nonsubstituted phenyl group, a lower alkoxy group, or a lower alkylamino 

/5 group.) 
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